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Animal models for anxiety, depressive-like and cognitive diseases or aging often involve
testing of subjects in behavioral test batteries. The large number of test variables with
different mean variations and within and between test correlations often constitute
a significant problem in determining essential variables to assess behavioral patterns
and their variation in individual animals as well as appropriate statistical treatment.
Therefore, we applied a multivariate approach (principal component analysis) to analyse
the behavioral data of 162 male adult Sprague-Dawley rats that underwent a behavioral
test battery including commonly used tests for spatial learning and memory (holeboard)
and different behavioral patterns (open field, elevated plus maze, forced swim test) as well
as for motor abilities (Rota rod). The high dimensional behavioral results were reduced
to fewer components associated with spatial cognition, general activity, anxiety-, and
depression-like behavior and motor ability. The loading scores of individual rats on these
different components allow an assessment and the distribution of individual features
in a population of animals. The reduced number of components can be used also for
statistical calculations like appropriate sample sizes for valid discriminations between
experimental groups, which otherwise have to be done on each variable. Because the
animals were intact, untreated and experimentally naïve the results reflect trait patterns
of behavior and thus individuality. The distribution of animals with high or low levels
of anxiety, depressive-like behavior, general activity and cognitive features in a local
population provides information of the probability of their appeareance in experimental
samples and thus may help to avoid biases. However, such an analysis initially requires
a large cohort of animals in order to gain a valid assessment.
Keywords: individuality, principle component analysis, cognition, test battery, mood
INTRODUCTION
Behavioral tests are common in various fields of basic and preclinical research such as
pharmacology i.e., to test drug effects upon learning and memory and behavioral patterns.
For this reason a variety of specific tests have been developed to assess the degree of
anxiety- or depression-like behavior as well as cognitive abilities. In practice relatively small
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sample sizes of experimental animals are compared, i.e.,
in pharmacological studies. Furthermore, the animals often
undergo a battery of tests in order to gain comprehensive
results for different behavioral patterns. The results of these
tests that indicate different behavioral dimension should be
proved not to be highly correlated (Steptoe, 2010). However,
intertask correlations in test batteries have been repeatedly
found (Arendash and King, 2002; Learmonth et al., 2015). The
principal component anaylsis with orthogonal rotation provides
indepence of the factors, and the behavioral variables with
high factor specific loadings, from each other. Experimental
rats are randomly assigned to different treatments and the
statistics should allow conclusions about the population. For
this reason it would be of interest to know how and to what
extent these individual features are distributed in a population of
intact untreated animals under laboratory conditions. In order
to obtain a valid assessment the analysis of a large cohort of
animals is required (Wall and Messier, 2001). Therefore, we
tested a cohort of 162 adult male Sprague-Dawley rats in a
battery of tests that are commonly used to assess cognitive
abilities and behavioral patterns. We reduced the high number
of variables to a lower number of representative factors by using
a principal component analysis in order to extract components
related to cognition, activity, anxiety-, and depression like
behavior from the complex behavioral data. Factor analysis in
the evaluation of behavioral data has previously been used to
explore relations between tests (File, 1993), sex specific behavior
(Carreira et al., 2017) or the validity of behavioral variables
within a test paradigm (Crusio, 2001; Wall and Messier, 2001;
Arantes et al., 2013; MacKillop et al., 2016), separating variables.
Here, we report the effectiveness of this approach to assess
individuality by considering the factor scores of individual
animals, thus separating individuals. High or low loadings of
individual scores on specific factors give information about the
individual behavioral patterns in comparison to other individuals
of the population. The aim of the study was to test the
multivariate approach on its effectivity to extract meaningful
components out of the high complexity of the data and whether
the distribution of these individual features in a population
of naive animals can be assessed. The study did not aim
at developing a comprehensive test battery for evaluation of
cognition and anxiety- and depression like behavior, this has to
be done by researchers according to their individual needs. The
answers may allow conclusions about the probability of having
individuals with trait behavioral patterns (Wall and Messier,
2001), anxious- or depression related behavior in the test samples
that were recruited for experimental or control animals, as well
as for effects between different behavioral tests. The classification
suggested here may contribute to improve sample validity for
experiments, interlaboratory validity of experimental results and
the characterization of individual animals.
METHODS
Animals
One hundred and sixty two male Sprague Dawley rats, aged
between 5 and 6 months, bred and maintained in standard
Makrolon cages (length: 60 cm, width: 34, height 20 cm; 3 animals
per cage) filled with autoclaved woodchips in the Core Unit
of Biomedical Research, Division of Laboratory Animal Science
and Genetics, Medical University of Vienna, were used. Food
(sniff R©, Soest; Germany) and tap water was available ad libitum.
Facility conditions were: temperature: 22 ± 2◦C; humidity: 55 ±
5%; 12 h artificial light/12 h dark cycle: light on at 7:00 a.m.).
All procedures were carried out according to the guidelines of
the Ethics committee, Medical University of Vienna, and were
approved by Federal Ministry of Education, Science and Culture,
Austria. The animals are subsequently used in another study, the
present tests representing a pretest to that. The follow-up study
requires this number of animals and at the same time allows
multivariate statistics.
Behavioral Tests
Behavioral tests were performed in the following sequence:
Elevated plus maze, open field, rota-rod, forced swim test,
holeboard test. The apparatuses (Bilek+Schüll GMBH; Vienna,
Austria) were custom made as well as the software (TIBE V.1.0;
Vienna, Austria) for analysis. Hole visits in the holeboard were
recorded manually from videos.
The between tests interval was 1 week. Because the ratio
between the number of analyzed variables and number of
individuals is critical for the validity of PCA results we chose one
common test only for each feature. Also the number of variables
within each test was minimized to those with the highest variance
between individual rats.
These tests represent a standard test battery used for the
evaluation of side effects in pharmacological studies (Sunyer
et al., 2007, 2008).
Elevated Plus Maze
The elevated plus maze is a common test to assess anxiety
(Belzung and Griebel, 2001). It consists of a cross of two closed
arms with side walls and two open arms. Rats and mice usually
prefer to stay in closed arenas and avoid the exploration of open
arenas (Carobrez and Bertoglio, 2005; Arantes et al., 2013). Thus,
the longer the animals stay on open arms the lesser they are
considered to be anxious. The elevated plus maze consists of two
plus shaped plastic lanes (10 cm in width, 1.10m in length at
a height of 62 cm), with one lane (closed arm) surrounded by
black plastic walls (40 cm in height), except at the crossing point
with a gap of 10 cm, so that each arm had a length of 50 cm.
The animals were placed in this center and allowed to explore
the maze for 5 min. The movements were recorded by a tracking
system and stored on a computer. The ratio of the time (s) the
animals spent in the closed and the open arms (EPMRCO), the
ratio of distances traveled and the rest in closed and open arms
(EPMRDOC), the local movement (EPMlocal, <10 cm/s) and
the number of entries into the open arms were considered for
the analysis. The last three variables were choosen in order to
compare it with corresponding variables in the open field (Carola
et al., 2002) with regard to locomotion and the motivation to
explore open arenas (the exploration of the central arena in the
open field was almost invariant between animals).
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Open Field
The open field test is widely used to test exploratory behavior and
general activity of mice and rats (Crusio, 2001). The open field
consists of a black plastic board (1.20m× 1.20 m) surrounded by
black plastic walls (50 cm in height). The rats were placed in the
arena and allowed to explore it for 10 min. The movements were
recorded by a video tracking system and stored on a computer.
Considered were the ration between distance traveled (m), and
the time the animals did not move (s) OFRDR, local movements
(OFlocal, <10 cm/s) and the average velocity of movement
(OFveloc; m/s). The usually used variables of the ration of the
time spent in the central and peripheral part of the arena in
order to assess the motivation to voluntarily explore unsafe
areas were not considered because there was minimal variability
between animals, thus they do not provide information about
individuality and unnecessarily increases the number of variables
in the PCA. In order to provide information about the readiness
to enter unsafe areas the number of entries in open arms of the
elevated plus maze test has been considered (Carola et al., 2002).
Rota Rod
The rota-rod is a widely used test to assess motor disabilities of
rodents. The time-length the animals are able to stay on a rotating
rod is considered to be a correlate of motor abilities (Brooks
and Dunnett, 2009). The apparatus consists of four adjacent rods
(10 cm in width at a height of 40 cm) separated with plastic
barriers. The animals were placed on the rods which rotated with
increasing speed. Rats were tested three times. The time until the
rats fall off the rods was measured and the mean time (RRtime; s)
for the three tests was used for analysis.
Forced Swim Test
The forced swim test is a common test to assess depressive-like
behavior. Therefore the time the animals are immobile and not
struggling to escape from the water is considered to be a correlate
of depressive-like behavior (Slattery and Cryan, 2012). The test
consists of a training and a test session on two consecutive days.
The rats were placed in a translucent plastic cylinder (20 cm in
diameter and 45 cm in height filled with water up to a 33 cm level
at a temperature of 25◦C). The rats were placed in the cylinder
for 10 min during the training and 5 min during the test session.
Movements in the cylinder were recorded by a video tracking
system and stored on a computer. The time (s) the animals spent
immobile during training (FSIMTR) and during test (FSIMT)
were used for the analysis.
Holeboard
The holeboard is a test of spatial learning and memory and,
by using the same protocol as in the present study, has been
found to be reliable and highly sensitive to pharmacological
interventions, induction, and maintenance of neuronal plasticity,
and discrimination between physiological states of animals
(Uzakov et al., 2005; Korz and Frey, 2007; Schulz and Korz,
2010; Meyer and Korz, 2013). The apparatus consists of a black
plastic board (1m × 1 m) with 16 regularily arranged holes (7
cm in diameter and 7 cm in depth). The board is surrounded by
translucent plexiglass walls (30 cm in height). Outside at each
wall black and white figures (A4) were mounted as proximal
cues (Meyer and Korz, 2013). Distal cues consisted of further
figures (A3) at room walls, furniture and equipment. Below the
board a second board was placed densely scattered with the
reward food pellets (dustless precision pellets of 45mg; Bioserv R©,
Somerville, NJ, USA) to avoid possible olfactory orientation.
During training four holes were baited. Trials were monitored
via a video camera and stored on a computer. During the test
procedure the animals were food deprived to reach 85% of their
initial body weight (which is the widely used procedure) and
stayed in the experimental room throughout the whole testing
period. The experimental procedure was as follows: 3 days of
weighing and handling (15 min) with providing 15–20 reward
pellets at day 3 in the housing cage in order to familiarize the
animals with the pellets. Two days of habituation (15min) during
which the animals were allowed to explore the maze with reward
pellets in each hole and on the surface of the board. Three days
of training and testing with 5 trials at day 1, four trials at day 2,
and one retention trial at day 3. The trials ended after 2 min or
when rats have found all 4 pellets. After each trial the board was
cleaned with 0.1% incidin R© solution to remove olfactory marks,
feces, and urine. Counted were the reference memory errors
(visits of unbaited holes) and visits and revisits of baited holes.
A reference memory index (RMI) was calculated as: total visits of
baited holes/total visits of all holes; thus a value of 1 indicates a
good reference memory without errors) and the values for trial 1,
6, and 10 (HB-trial 1, 6, 10; respectively) were considered for the
factor analysis.
Statistics
Each variable was separately analyzed for minimum and
maximum values, median, 25 and 75% percentiles, arithmetic
mean, standard deviation, and standard error, the lower and
the upper 95% confidence interval. Correlations between the
measures of each test were detected by the Pearson product
moment correlation (two-tailed). In order to reduce the number
of dimensions a Factor analysis (principal component with
Varimax rotation and Kaiser normalization, maximally 25
iterations to convergence) based on the correlation matrix
was perfomed for all variables. Factor rotations simplify the
interpretation of the factors. The coordinate axes rotation allows
a better distribution of the loadings on the factors. The varimax
rotation has been choosen because it is a orthogonal rotation
method so that the different factors do not intercorrelate,
thus each factor represents an independent behavioral pattern.
Varimax rotation reduces the number of variables with high
multiple factor loadings. Extracted components with eigenvalues
higher than one were considered for further interpretation. In
order to separate the animals according to their individual factor
loadings (−1 to 1) on the components, loadings lower than
−0.7 and higher than 0.7 were considered as border. Factor and
correlation analyses have been done with SPSS Version 20, all
other analyses by using GraphPad Prism (Version 5.02).
RESULTS
General Measures
Almost all behavioral variables were not Gaussian-distributed
(Shapiro-Wilk normality test): HB-trial 1, W = 0.82, p < 0.001;
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HB-trial 6,W = 0.67, p< 0.001; HB-trial 10,W = 0.70, p< 0.001;
OFRDR,W = 0.86, p< 0.001; OFveloc,W = 0.81, p< 0.001; RR-
time,W = 0.97, p < 0.001; FSITR,W = 0.92, p < 0.001; FSIT,W
= 0.56, p < 0.001; EPMRCO,W = 0.33, p < 0.001; EPMlocal,W
= 0.81, p < 0.001; EPMRDOC, W = 0.61, p < 0.001. Normally
distributed are the variables OFlocal, W = 0.98, p = 0.066 and
EPMOE,W = 0.98, p = 0.071. Minimum and maximum values,
percentiles, arithmetic means, standard deviation and error as
well as confidence intervals are given in Supplementary Table 1.
The different numbers of values results from somemissing values
for the different tests. The relative distribution of the raw data are
given in Supplementary Figure 1.
Linear Regression
The results of the linear regression analysis by using the Pearson
coefficient and the resulting p-values are given in Table 1. All of
the open field variables are positively correlated with those of
the late (trial 6 and trial 10) holeboard memory indices. Local
movements in the open field are also positively correlated with
the RMI of holeboard trial 1. EPMlocal positively correlates with
FSIMT and there is a larger number of correlations of the number
of open arm entries, positively with HBtrial6 and with movement
parameters in the open field. Different measures within the
tests were necessarily correlated and given here for reasons of
completeness.
Factor Analysis (Principal Component)
The main results of the principal component analysis are
given in Table 2. Considered were only components with an
eigenvalue higher than 1. The first three dimensions and the
euclidean distances of the variables are given in Figure 1. The
first component explains 22.3% of the total variance (after
rotation) and is positively highly positively loaded by the open-
field variables OFRDR, OFlocal, and OFveloc. All of these
variables general acticity this component was considered as
representing the trait behavioral pattern to be active. The second
component, explaining 16.8% of the variance is loaded by the
holeboard reference memory indices and therefore considered
as the spatial cognition component. The third component
explaining 16.7% represents anxiety as it is characterized by
EPM measures EPMROC and EPMRDCO the classic test for
anxiety-like behavior. The number of entries in open arms is
negatively loaded on this component, however does not reach the
criterion of 0.7 factor score. Component 4 reflects depression-
like behavior since the results of the test for depression, the
forced swim immobility during test loads positively on these
TABLE 1 | Correlationmatrix (Coefficient r after Pearson), and p-value (two-tailed) of the between and within correlations of the different variables.
HB-trial1 HB-trial6 HB-trial10 OFRDR OFlocal OFveloc RRtime FSIMT FSIMTR EPMRCO EPMlocal EPMOE
HB-trial 6 0.50
p <0.01
HB-trial10 0.43 0.73
p <0.01 <0.01
OFRDR 0.13 0.18 0.18
p 0.10 0.02 0.02
OFlocal 0.17 0.17 0.17 0.92
p 0.03 0.03 0.03 <0.01
OFveloc 0.11 0.18 0.17 0.92 0.88
p 0.17 0.02 0.03 <0.01 <0.01
RR-time −0.07 0.08 0.00 −0.71 −0.13 −0.10
p 0.36 0.34 0.98 0.39 0.10 0.25
FSIMT −0.01 −0.05 −0.08 −0.04 −0.03 −0.04 −0.09
p 0.88 0.49 0.33 0.60 0.69 0.59 0.29
FSIMTR 0.05 −0.01 −0.05 −0.08 −0.07 −0.12 −0.09 0.35
p 0.56 0.93 0.52 0.34 0.34 0.14 0.26 <0.01
EPMRCO −0.05 −0.08 −0.06 −0.05 −0.03 −0.05 0.00 0.00 −0.04
p 0.48 0.31 0.47 0.50 0.67 0.49 1.00 0.99 0.63
EPMlocal −0.01 −0.14 −0.12 −0.33 0.08 −0.10 −0.06 0.28 −0.02 0.18
p 0.92 0.08 0.12 0.68 0.34 0.20 0.45 <0.01 0.79 0.02
EPMOE 0.05 0.17 0.15 0.26 0.28 0.26 −0.08 0.08 0.05 −0.31 −0.01
P 0.49 0.03 0.06 <0.01 <0.01 <0.01 0.34 0.33 0.54 <0.01 0.87
EPMRDOC −0.02 −0.07 −0.05 −0.06 −0.04 −0.06 −0.01 0.02 −0.02 0.93 0.17 −0.29
P 0.78 0.35 0.56 0.42 0.60 0.48 0.93 0.78 0.84 <0.01 0.03 <0.01
Significant correlation coefficients and the corresponding significance level (p) are given in bold. HB-trial 1, 6, 10: Holeboard reference memory index for trial 1, 6, and 10; respectively.
OFRDR, -local, -veloc: Ratio between distance traveled and resting, local movement and mean velocity in the open field; respectively. RR-time: time to be on the rotarod. FSIMTR, -T:
time in percent spent immobile in the forced swim task during training and test session, respectively. EPMRCO, -local, -OE, -RDOC: Ratio between time spent in open and closed arms,
local movement, number of entries in open arms, ratio between distance traveled in open and closed arms on the elevated plus-maze; respectively.
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TABLE 2 | Rotated (Varimax-Kaiser normalization) matrix of extracted
components with eigenvalues greater than 1.
1 (22.3%) 2 (16.8%) 3 (16.7%) 4 (11.7%) 5 (8.4%)
Activity Spatial Anxiety Depression Motor
cognition abilities
HB-trial1 0.051 0.737 −0.014 0.033 −0.242
HB-trial6 0.096 0.883 −0.076 0.005 0.149
HB-trial10 0.128 0.871 −0.031 −0.060 0.101
OFRDR 0.963 0.092 −0.065 −0.014 0.015
OFlocal 0.949 0.100 −0.049 −0.032 −0.086
OFveloc 0.951 0.103 −0.062 −0.040 −0.022
RR-time −0.106 −0.018 0.033 −0.120 0.878
FSIMT 0.024 −0.100 0.031 0.816 −0.150
FSIMTR −0.157 −0.006 −0.017 0.686 −0.231
EPMRCO 0.023 −0.035 0.961 −0.002 −0.002
EPMlocal −0.139 −0.231 0.228 −0.591 −0.414
EPMOE 0.296 0.072 −0.507 0.124 −0.014
EPMRDCO 0.015 −0.016 0.958 0.027 −0.014
Percent values give the portion of explained variance for each factor. Significant factor
loadings (>0.7, < −0.7) are given in bold. HB-trial 1, 6, 10: Holeboard reference memory
index for trial 1, 6 and 10; respectively. OFRDR, -local, -veloc: Ratio between distance
traveled and resting, local movement and mean velocity in the open field; respectively.
RR-time: time to be on the rotarod. FSIMTR, -T: time in percent spent immobile in the
forced swim task during training and test session, respectively. EPMRCO, -local, -OE,
-RDOC: Ratio between time spent in open and closed arms, local movement, number
of entries in open arms, ratio between distance traveled in open and closed arms on the
elevated plus-maze; respectively.
factor. Interestingly, also the immobility time during training
is highly loaded it does not reach the criterion, although this
variable is highly correlated with FSIMT. For that reason a
high positive loading of individal rat scores on this component
reveals high depression-like behavior. The rotarod measure
is highly loaded on factor 5 which is therefore classified as
reflecting motor abilities. Factor scores of −0.7 and 0.7 are
considered as significant, wheras all values between these borders
are considered as intermediate, thus may represent “normal”
behavioral patterns. Because the animals are naive and not
treated (except the tests), these behaviors are considered as trait
patterns (Crusio, 2001). Similar high positive (>0.7) or negative
(< −0.7) loadings of individual rat scores on component 1
reveal high vs. low general activity, with the rest representing
’normal’ activity within the population. By doing this also for
the other components, a pattern of the distribution of spatial
cognitive abilities, activity, anxiety-, and depression-like behavior
and motor abilities for this population of rats can be calculated
and is given in Figure 2. Thus, 23.6% show a high, 18.9% a
low, and 57.4% a intermediate activity. The largest “low” (39.9%)
and the highest “high” portions are given for the factor spatial
cognition and the largest “intermediate” portion (87.8%) for
the intrinsic anxiety. Activity, depression and motor ability are
close together with regard to their distributions over the three
categories, whereas spatial cognition and anxiety differ. Because
these results are based on a large cohort of rats we can assume
that this is a characteric feature for male Sprague-Dawley rats
of this age and that an experimenter recruiting experimental
FIGURE 1 | Diagram of the first three components in rotated space.
HB-trial 1, 6, 10: Holeboard reference memory index for trial 1, 6, and 10;
respectively. OFRDR, -local, -veloc: Ratio between distance traveled and
resting, local movement, and mean velocity in the open field; respectively.
RR-time: time to be on the rotarod. FSIMTR, -T: time in percent spent
immobile in the forced swim task during training and test session, respectively.
EPMRCO, -local, -OE, -RDOC: Ratio between time spent in open and closed
arms, local movement, number of entries in open arms, ratio between distance
traveled in open and closed arms on the elevated plus-maze; respectively.
FIGURE 2 | Distribution of individual rats with high, low or intermediate
levels of activity, spatial cognition, anxiety, depression and motor
ability in the population of rats.
samples can expect these probabilities of indiviudal behavior in
experimental samples.
In order to reveal different high or low factor loadings in
individual rats we counted double appearances in the different
high and low portions of the factors. This overlaps (in %) are
indicated in Figure 3. High percent values of individual rats
are given for the factors activity and spatial cognition (ac-sc)
and depression and motor abilitiy (d-ma) with little difference
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FIGURE 3 | Overlap (double appearance) of individual rats in high and
low portions of factor loadings in percent. ac-sc, -a, -d, -ma: activity and
spatial cognition, anxiety, depression, motor ability, respectively. sc-a, -d, -ma:
spatial cognition and anxiety, depression, motor ability, respectively. a-d, -ma:
anxiety, motor ability, respectively. d-ma: depression and motor ability.
between high and low performers. The combinations ac-ma,
sc-d, and a-d show the highest differences between high and
low performers. There is no overlap at all between anxiety and
depression in high performers in contrast to low performers,
whereas a big overlap between spatial cognition and depression
appears in the first.
DISCUSSION
We found discrete distributions of cognitive abilities and trait
behavioral patterns in a large cohort of 5–6 months old
male Sprague-Dawley rats. The lowest portion that exceed
intermediate levels of behavior could be determined for anxiety,
thus for experiments focusing on modulations of this behavior
experience or pharmacological treatment the probability to
include animals with an high or low trait background is the
lowest. Cognition is most critical with a high portion of animals
with low cognitive abilities, whereas that of high abilities is
comparable to the other variables. This may partly be based on
the age of the animals since often younger animals are used
for experiments, which may be still more flexible and adaptive
to task demands. However, only at this age male rats are fully
adult in terms of social competence, brain development and
musculoskeletal maturity (Adams and Boice, 1989; Sengupta,
2011; Mengler et al., 2014). The use of adult animals is of special
interest because a lot of physiological and molecular phenomena
change even over the first 3 months of age (McCutcheon and
Marinelli, 2009).
The advantage of using PCA for the classification of individual
animals is that a highly complex bundle of variables of different
behavioral tests (but also other variables like molecular markers
or physiological measures can be included) can be reduced to
only a few components that reflect the behavioral features that
are usually aimed to be assessed by these variables. Further, the
most important indicators for specific behavioral patterns can
be identified by the numerical factor scores and less important
variables may be excluded in further studies (Wall and Messier,
2001). This on one hand may help to reduce the number of tests
in a battery and on the other hand to improve the preconditions
for sample size estimations. Power analysis that is done in order
to determine the number of animals in an experimental sample to
reach a reliable error limitation (to avoid false positive or negative
statistical results), a specific power and effect size is affected by the
variance of the analyzed data. The variance, however is different
for variables between tests and even within tests, which has also
been found in the present study. Further, power calculations
have to be performed specifically for different statistical tests like
linear regression or differences betweenmeans. Thus, simplifying
preconditions for power calculations (i.e., by using factor scores)
can reduce the number of calculations and probably also the
number of animals used. The components extracted by the PCA
are loaded significantly by behavioral variables of the different
tests exclusively, making the assignment to underlying behaviroal
patterns more easy. This is not the case in the linear regression
analysis in which variables between tests are correlated. The
disadvantage of the method is that initially a high number
of animals have to be used since the validity of the results
depends on the ratio of test variables and objects, which in many
PCA studies is not optimal (Wall and Messier, 2001). The high
percentage of overlap between activity and spatial cognition,
between anxiety and depression in low performers and that
between activity and motor ability in high performers may result
from a mutual dependence beween these behaviors. The 30%
overlap between spatial cognition and depression-like behavior in
high performers, however is less clear since depression has often
been described to result in lower cognitive abilities. However, this
may be related to environmentally induced depression and not to
an innate tendency to depression-like behavior.
The tests and the variables used have to be adapted to the
needs of the experimenters, but may improve the communication
between laboratories by identification of variables and tests that
show similar loadings upon the extracted factors and not by
comparing specific isolated variables.
The second focus was on comparing the PCA with the
linear regression analysis results. We found correlations between
the performance in different tasks, the open field variables
OFRDR and velocity positively correlate with the the holeboard
performance only at later but not the first trial, whereas local
movements in the open field correlate with RMI at all trials. The
similarity in shape and size between open field and holeboard and
the associated familiarity with the arena may be one reason for
these correlations. However, three habituation sessions preceded
the holeboard test and habituation experience is similar for
all rats, so that habituation as such should play a minor role.
The enhanced activity is more likely to support holeboard
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learning and spatial memory. Further, most correlations could
be observed when learning plays a major role, namely at the
second day, and when a memory trace has been established
at day 3 during the retention trial. The number of entries in
open arms of the EPM, thus the readiness to explore unsafe
arenas is higly positively correlated with the OFRDR and the
OFlocal variables and weakly with RMI during the main learning
phase in the holeboard. Immobility during forced swimming
in the training and test sessions are also highly correlated
suggesting that immobility during both sessions reflect the
same level of depression-like behavior. However, in the PCA
these performances could be separated such that only the
test performance is significantly represented on the depression
component. The correlation of immobility during the test but not
the training session with local activity on the EPM may point
to different underlying forms of anxiety (Carola et al., 2002).
This may be supported by the results of other studies in which
a positive correlation between the time spent in the open-arm
of the elevated plus maze and the duration of immobility in the
forced swim test (Estanislau et al., 2011) or a negative correlation
between FS-immobility and open-field locomotor activity (Ho
et al., 2002) in rats has been found. However, a possible common
underlying behavioral pattern is difficult to identify. Generally,
the PCA combines the within-test variables and discriminates
the between-test variables more clearly than the regression
analysis.
Sprague-Dawley is an outbred rat strain with broader genetic
variability that may reflect the situation in a human population
more realistically, and most of the studies in rodents are
conducted as an animal model for mechanisms in human
populations. However, also in inbred strains with a narrow
genetic variance genetic similarity can only explain a part
of behavioral variability in home cage behavior (Loos et al.,
2014) and behavioral tests (Vorhees, 1983; Lahmame and
Armario, 1996; van der Staay and Blokland, 1996) not only
in rodents but also in inbred human populations (Fareed
and Afzal, 2014) such that individuality in behavior and
trait behavior is still a considerable factor influencing the
variance in experimental results (Sequeira-Cordero et al., 2014;
Shumake et al., 2014). Further, different early pre-and postnatal
experiences and environmental complexity support individual
behavior, physiology, and molecular processes during adulthood
(Oitzl et al., 2000; Braun and Champagne, 2014; Sarro et al.,
2014). For these reasons it is difficult to generalize between
different laboratories but individuality should be estimated for
each local population of animals and may then provide more
reliable results in animal models of cognitive diseases and
individual vulnerability (Koolhaas et al., 2010). Environmental
standardization of test procedures has been found to be more
the cause than the remedy of low reproducibility of behavioral
experimental outcomes between laboratories (Richter et al.,
2009). The main reason is that the local conditions are stressed
and the validity to other laboratories impaired. The study
shows that considering individual factor loadings in multivariate
analyses supports the characterization of individuality. A
characterization of local populations as suggested here may
improve the external validity.
AUTHOR CONTRIBUTIONS
DF and YA performed the experiments; EE and HH wrote
the manuscript; GL designed the experiments and wrote the
manuscript; VK designed the experiments, performed the
analyses, and wrote the manuscript.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fnbeh.
2017.00026/full#supplementary-material
REFERENCES
Adams, N., and Boice, R. (1989). Development of dominance in domestic rats
in laboratory and seminatural environments. Behav. Processes 19, 127–142.
doi: 10.1016/0376-6357(89)90036-3
Arantes, R., Tejada, J., Bosco, G. G., Morato, S., and Roque, A. C. (2013).
Mathematical methods to model rodent behavior in the elevated plus-maze. J.
Neurosci. Methods 220, 141–148. doi: 10.1016/j.jneumeth.2013.04.022
Arendash, G. W., and King, D. L. (2002). Intra- and intertask relationships in a
behavioral test battery given to Tg2576 transgenic mice and controls. Physiol.
Behav. 75, 643–652. doi: 10.1016/S0031-9384(02)00640-6
Belzung, C., and Griebel, G. (2001). Measuring normal and pathological
anxiety-like behaviour in mice: a review. Behav. Brain Res. 125, 141–149.
doi: 10.1016/s0166-4328(01)00291-1
Braun, K., and Champagne, F. A. (2014). Paternal influences on offspring
development: behavioural and epigenetic pathways. J. Neuroendocrinol. 26,
697–706. doi: 10.1111/jne.12174
Brooks, S. P., and Dunnett, S. B. (2009). Tests to assess motor phenotype in mice:
a user’s guide. Nat. Rev. Neurosci. 10, 519–529. doi: 10.1038/nrn2652
Carobrez, A. P., and Bertoglio, L. J. (2005). Ethological and temporal analyses
of anxiety-like behavior: the elevated plus-maze model 20 years on. Neurosci.
Biobehav. Rev. 29, 1193–1205. doi: 10.1016/j.neubiorev.2005.04.017
Carola, V., D’Olimpio, F., Brunamonti, E., Mangia, F., and Renzi, P. (2002).
Evaluation of the elevated plus-maze and open-field tests for the assessment
of anxiety-related behaviour in inbred mice. Behav. Brain Res. 134, 49–57.
doi: 10.1016/S0166-4328(01)00452-1
Carreira, M. B., Cossio, R., and Britton, G. B. (2017). Individual and sex
differences in high and low responder phenotypes. Behav. Processes 136, 20–27.
doi: 10.1016/j.beproc.2017.01.006
Crusio, W. E. (2001). Genetic dissection of mouse exploratory behaviour. Behav.
Brain Res. 125, 127–132. doi: 10.1016/S0166-4328(01)00280-7
Estanislau, C., Ramos, A. C., Ferraresi, P. D., Costa, N. F., de Carvalho, H. M., and
Batistela, S. (2011). Individual differences in the elevated plus-maze and the
forced swim test. Behav. Processes 86, 46–51. doi: 10.1016/j.beproc.2010.08.008
Fareed, M., and Afzal, M. (2014). Estimating the inbreeding depression on
cognitive behavior: a population based study of child cohort. PLoS ONE
9:e109585. doi: 10.1371/journal.pone.0109585
File, S. E. (1993). The interplay of learning and anxiety in the elevated plus-maze.
Behav. Brain Res. 58, 199–202. doi: 10.1016/0166-4328(93)90103-W
Ho, Y. J., Eichendorff, J., and Schwarting, R. K. (2002). Individual response profiles
of male Wistar rats in animal models for anxiety and depression. Behav. Brain
Res. 136, 1–12 doi: 10.1016/s0166-4328(02)00089-x
Koolhaas, J. M., de Boer, S. F., Coppens, C. M., and Buwalda, B. (2010).
Neuroendocrinology of coping styles: towards understanding the
Frontiers in Behavioral Neuroscience | www.frontiersin.org 7 February 2017 | Volume 11 | Article 26
Feyissa et al. Behavioral Individuality Assessed by PCA
biology of individual variation. Front. Neuroendocrinol. 31, 307–321.
doi: 10.1016/j.yfrne.2010.04.001
Korz, V., and Frey, J. U. (2007). Hormonal and monoamine signaling during
reinforcement of hippocampal long-term potentiation and memory retrieval.
Learn. Mem. 14, 160–166. doi: 10.1101/lm.459807
Lahmame, A., and Armario, A. (1996). Differential responsiveness of inbred strains
of rats to antidepressants in the forced swimming test: are Wistar Kyoto rats
an animal model of subsensitivity to antidepressants? Psychopharmacology 123,
191–198. doi: 10.1007/bf02246177
Learmonth, G., Gallagher, A., Gibson, J., Thut, G., and Harvey, M. (2015). Intra-
and inter-task reliability of spatial attention measures in pseudoneglect. PLoS
ONE 10:e0138379. doi: 10.1371/journal.pone.0138379
Loos, M., Koopmans, B., Aarts, E., Maroteaux, G., van der Sluis, S.,
Neuro-BSIK Mouse Phenomics Consortium, et al. (2014). Sheltering
behavior and locomotor activity in 11 genetically diverse common
inbred mouse strains using home-cage monitoring. PLoS ONE 9:e108563.
doi: 10.1371/journal.pone.0108563
MacKillop, J., Weafer, J. Gray, C. J., Oshri, A., Palmer, A., and de Wit, H.
(2016). The latent structure of impulsivity: impulsive choice, impulsive action,
and impulsive personality traits. Psychopharmacology (Berl). 233, 3361–3370.
doi: 10.1007/s00213-016-4372-0
McCutcheon, J. E., and Marinelli, M. (2009). Age matters. Eur. J. Neurosci. 29,
997–1014. doi: 10.1111/j.1460-9568.2009.06648.x
Mengler, L., Khmelinskii, A., Diedenhofen, M., Po, C., Staring, M., Lelieveldt,
B. P., et al. (2014). Brain maturation of the adolescent rat cortex and
striatum: changes in volume and myelination. Neuroimage 84, 35–44.
doi: 10.1016/j.neuroimage.2013.08.034
Meyer, K., and Korz, V. (2013). Age dependent differences in the regulation
of hippocampal steroid hormones and receptor genes: relations to
motivation and cognition in male rats. Horm. Behav. 63, 376–384.
doi: 10.1016/j.yhbeh.2012.12.002
Oitzl, M. S., Workel, J. O., Fluttert, M., Frösch, F., and De Kloet, E. R.
(2000). Maternal deprivation affects behaviour from youth to senescence:
amplification of individual differences in spatial learning and memory
in senescent Brown Norway rats. Eur. J. Neurosci. 12, 3771–3780.
doi: 10.1046/j.1460-9568.2000.00231.x
Richter, S. H., Garner, J. P., andWürbel, H. (2009). Environmental standardization:
cure or cause of poor reproducibility in animal experiments? Nat. Methods 6,
257–261. doi: 10.1038/nmeth.1312
Sarro, E. C.,Wilson, D. A., and Sullivan, R.M. (2014).Maternal regulation of infant
brain state. Curr. Biol. 24, 1664–1669. doi: 10.1016/j.cub.2014.06.017
Schulz, K., and Korz, V. (2010). Hippocampal testosterone relates to reference
memory performance and synaptic plasticity in male rats. Front. Behav.
Neurosci. 4:187. doi: 10.3389/fnbeh.2010.00187
Sengupta, P. (2011). A scientific review of age determination for a laboratory rat:
how old is it in comparison with human age. Biomed. Instrum. 2, 81–89.
Sequeira-Cordero, A., Mora-Gallegos, A., Cuenca-Berger, P., and Fornaguera-
Trías, J. (2014). Individual differences in the forced swimming
test and the effect of environmental enrichment: searching for an
interaction. Neuroscience 265, 95–107. doi: 10.1016/j.neuroscience.2014.
01.047
Shumake, J., Furgeson-Moreira, S., and Monfils, M. H. (2014). Predictability
and heritability of individual differences in fear learning. Anim. Cogn. 17,
1207–1221. doi: 10.1007/s10071-014-0752-1
Slattery, D. A., and Cryan, J. F. (2012). Using the forced swim test to
assess antidepressant-like activity in rodents. Nat. Protoc. 7, 1009–1014.
doi: 10.1038/nprot.2012.044
Steptoe, A. (2010). Handbook of Behavioral Medicine. Methods and Applications.
New York, NY; Dordrecht; Heidelberg; London: Springer.
Sunyer, B., Patil, S., Frischer, C., Hoeger, H., and Lubec, G. (2008). Strain-
dependent effects of cognitive enhancers in the mouse. Amino Acids 34,
485–495. doi: 10.1007/s00726-007-0511-6
Sunyer, B., Patil, S., Frischer, C., Höger, H., Selcher, J., Brannath, W., et al. (2007).
Strain-dependent effects of SGS742 in the mouse. Behav. Brain Res. 181, 64–75.
doi: 10.1016/j.bbr.2007.03.025
Uzakov, S., Frey, J. U., and Korz, V. (2005). Reinforcement of rat hippocampal
LTP by holeboard training. Learn. Mem. 12, 165–171. doi: 10.1101/lm.
89305
van der Staay, F. J., and Blokland, A. (1996). Behavioral differences
between outbred Wistar,inbred Fischer 344, brown Norway, and
hybrid Fischer 344 x brown Norway rats. Physiol. Behav. 60, 97–109.
doi: 10.1016/0031-9384(95)02274-0
Vorhees, C. V. (1983). Influence of early testing on postweaning performance
in untreated F344 rats, with comparisons to Sprague-Dawley rats, using a
standardized battery of tests for behavioral teratogenesis. Neurobehav. Toxicol.
Teratol. 5, 587–591.
Wall, P. M., and Messier, C. (2001). Methodological and conceptual issues
in the use of the elevated plus-maze as a psychological measurement
instrument of animal anxiety-like behavior. Neurosci. Biobehav. Rev. 25,
275–286. doi: 10.1016/S0149-7634(01)00013-6
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2017 Feyissa, Aher, Engidawork, Höger, Lubec and Korz. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Behavioral Neuroscience | www.frontiersin.org 8 February 2017 | Volume 11 | Article 26
